Key Points {#FPar1}
==========

Chronic kidney disease (CKD) is a worldwide public health problem associated with a high prevalence of cardiovascular disease (CVD), impaired quality of life and all-cause mortality.ACE inhibitors (ACEIs) and angiotensin II receptor blockers(ARBs) provide significant renal and cardiovascular protection for CKD patients, but the efficacy and safety of these agents in non-dialysis CKD3--5 patients is still uncertain.This network meta-analysis demonstrates that ACEIs are superior to ARBs and other antihypertensive agents in reducing adverse cardiovascular and renal events, and all-cause mortality in non-dialysis CKD 3--5 patients, and are also superior to ARBs in lowering odds of all-cause death but not in kidney events and cardiovascular events in the subgroup of patients with advanced CKD.

Introduction {#Sec1}
============

Chronic kidney disease (CKD) is a global health burden with a high economic cost to health systems. The mean prevalence of CKD stages 1--5 was 13.4% and stages 3--5 was 10.6% \[[@CR1]\]. CKD patients are at increased risks for cardiovascular disease (CVD) and all-cause mortality \[[@CR2]--[@CR5]\]. Lowering blood pressure (BP) is the foundation of management for slowing the progression of CKD \[[@CR6]\], as well as a key point of management to reduce the risk for cardiovascular disease \[[@CR7], [@CR8]\]. Angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin II receptor blockers (ARBs) are the best-studied antihypertensive agents that provide significant renal and cardiovascular protection for CKD patients \[[@CR9]\], and have been recommended to be first-line therapy for patients with nondiabetic CKD, especially those with proteinuria by KDIGO (Kidney Disease: Improving Global Outcomes) clinical practice guideline \[[@CR10]\]. The guideline also suggests that ACEIs or ARBs should be preferred therapies in patients with diabetic CKD and proteinuria, even in the absence of high blood pressure \[[@CR10]\]. Unfortunately, most studies tested the renal or cardiovascular benefit of ACEIs or ARBs in the earlier stages of CKD, and few studies focused on patients with advanced CKD3--5. It still remains uncertain whether ACEIs or ARBs delay end-stage kidney disease (ESKD) and/or reduce mortality in these non-dialysis CKD3--5 patients. Network meta-analysis can compare multiple treatments by combining direct and indirect evidence to assess the interrelationships among all treatments. Many previous medical studies have proven its usefulness, which can unify and analyse the data from randomised clinical trials to compare multiple treatments without destroying the treatment in each trial \[[@CR11]--[@CR13]\]. We therefore undertook a systematic review and network meta-analysis to evaluate the effect of ACEIs or ARBs on kidney disease and cardiovascular outcomes in individuals with CKD3--5 but not on dialysis.

Method {#Sec2}
======

Data Sources and Searches {#Sec3}
-------------------------

Two investigators (Yaru Zhang and Dandan He) independently searched and identified relevant studies from the following data sources: MEDLINE (from 1950 to October 2018), EMBASE (from 1970 to October 2018), and the Cochrane Library database using PubMed and Ovid search engines with the text words of randomised controlled trial, chronic kidney disease, and all spellings of known ACE inhibitors and ARBs. Trials were considered without language restrictions. We also searched relevant reference lists from identified trials and review articles. When detailed information that was needed for the analysis was not available, we wrote to the author to request the data.

Study Selection {#Sec4}
---------------

In this meta-analysis, we collected all randomised controlled trials (RCTs) regarding comparison of therapeutic effects of ACEIs/ARBs and other antihypertensive drugs in CKD3--5 participants who did not receive dialysis therapy. Inclusion criteria for studies were as follows: (1) study population comprised participants aged ≥ 18 years with CKD3--5 who did not receive dialysis therapy \[CKD3--5 was defined as glomerular filtration rate (GFR) \< 60 mL/min/1.73 m^2^, elevated serum creatinine level\]; (2) the intervention were ACEIs and/or ARBs and comparisons were placebo and/or control therapy (defined as conventional therapy that specific drug type or name for control group was not provided in included studies) and/or other antihypertensive drugs; (3) reported study outcomes included kidney events (defined as a composite of any of the following: doubling of serum creatinine level, 50% decline in GFR, or ESKD), and/or major cardiovascular events (defined as a composite of fatal or nonfatal myocardial infarction, stroke, and heart failure; cardiovascular death; or comparable definitions used by individual authors), and/or all-cause death, and/or drug-related adverse events (including hyperkalaemia, cough, hypotension, and oedema); (4) study design was RCT, in which ACEIs or ARBs were given for at least 6 months, follow-up time was longer than 6 months and ample size was larger than 20. We excluded studies (or sub-studies) aimed at CKD participants who have a functioning kidney transplant or who have chronic kidney disease treated with dialysis. We also excluded trials for CKD patients with GFR \> 60 mL/min/1.73 m^2^ or normal serum creatinine level or trials without specified stage or trials lack of available data for CKD patients with GFR \< 60 mL/min/1.73 m^2^.

Data Extraction and Quality Assessment {#Sec5}
--------------------------------------

We extracted information using standard data extraction forms, which included baseline patient characteristics, intervention, dose of drug, follow-up duration, outcome events, and adverse events. These data were extracted from either studies which were conducted only for CKD3--5 patients or studies which included subgroup populations with CKD3--5 at baseline. We used standard criteria (Cochrane risk of bias tool) to assess the inherent risk of bias of trials, as showed in Table S1. Two investigators (Yaru Zhang and Dandan He) independently undertook data extraction and quality assessment using a standardised approach. Any disagreements between the two investigators were resolved by consultation with a third reviewer (Youxia Liu).

Data Synthesis and Statistical Analyses {#Sec6}
---------------------------------------

Pairwise meta-analysis and network meta-analysis were undertaken simultaneously. For both pairwise meta-analysis and network meta-analysis, we calculated the odds ratio (OR) and 95% confidence interval (CI) for each outcome by the random-effects model. A 2-sided *p* value \< 0.05 was considered statistically significant, and all statistical analyses were performed using STATA, version 15.0. This network meta-analysis was undertaken by the Frequentist model. For each outcome, we presented all treatment comparisons using a network graph. Loop-specific inconsistency approach was used to assess the disagreement between direct and indirect evidence in the loop, and the consistency results were considered not significant when 95% CIs of inconsistency factors included zero or RoR included one. RoR is defined as the difference that OR value of direct evidence minus OR value of indirect evidence.  Treatment strategies were ranked for each outcome by the surface under the cumulative ranking curve (SUCRA) probabilities; and higher SUCRA probabilities in each simulation indicate the higher chance of being the best treatment regimen. We assessed publication bias in studies contributing to primary outcomes and adverse events by visual inspection of funnel plots performed using STATA, version 15.0.

Results {#Sec7}
=======

The literature search yielded original 7972 articles. During the process, studies such as VA NEPHRON-D \[[@CR14]\] were eliminated owing to lack of available data for CKD subgroup populations with GFR \< 60 mL/min/1.73 m^2^. Eventually, 44 RCTs with 42,139 patients were eligible for our network meta-analysis (Fig. [1](#Fig1){ref-type="fig"}). Of the included 44 RCTs, 33 studies provided kidney events, 30 provided cardiovascular events, 19 provided cardiovascular death, and 30 provided all-cause death. Thirty-three studies reported data on side effects, with 22 trials reporting hyperkalaemia, 18 reporting cough, 12 reporting oedema and nine reporting hypotension. The sample size ranged from 38 to 5662, and the follow-up for patients ranged from 1 to 5.3 years. The characteristics of the included studies are summarised in Table S2. Networks of eligible comparisons for the primary outcomes and side effects are showed in Figs. [2](#Fig2){ref-type="fig"} and [3](#Fig3){ref-type="fig"}.Fig. 1Process for identifying studies eligible for the meta-analysisFig. 2Network of eligible treatment comparisons for **a** kidney events, **b** cardiovascular events, **c** cardiovascular death, and **d** all-cause deathFig. 3Network of adverse events comparisons: **a** hyperkalaemia **b** cough **c** oedema **d** hypotension

Primary Outcomes {#Sec8}
----------------

Primary outcomes included kidney events, cardiovascular events, cardiovascular death, and all-cause death.

### Kidney Events {#Sec9}

Data regarding the effects of ACEIs or ARBs on kidney events were available from 33 trials with 23,766 patients. As showed in Figs. [4](#Fig4){ref-type="fig"}a, [5](#Fig5){ref-type="fig"}a, ACEI monotherapy was more effective than placebo (OR 0.54, 95% CI 0.41--0.73), control (OR 0.54, 95% CI 0.33--0.87), calcium channel blockers (CCB) (OR 0.67, 95% CI 0.50--0.89), β-blockers (OR 0.60, 95% CI 0.37--0.96) and ARBs (OR 0.71, 95% CI 0.52--0.97). ARB monotherapy was only better than placebo (OR 0.76, 95% CI 0.58--1.00). Combination therapy of an ACEI plus an ARB was not superior to ACEI or ARB monotherapy, control and other antihypertensive drugs. The effects of all drugs were ranked with SUCRA probabilities (Fig. [6](#Fig6){ref-type="fig"}a), and ACEI monotherapy had the greatest probability (SUCRA 93.3%) for being the best treatment option on reducing renal events, followed by the combination of an ACEI plus an ARB (SUCRA 69.6%) and diuretics (SUCRA 61.4%), ARBs ranked in the fourth position (SUCRA 56.3%) and placebo ranked last (SUCRA 17.5%).Fig. 4Forest plot for results of primary outcomes: **a** kidney events, **b** cardiovascular events, **c** cardiovascular death, and **d** all-cause deathFig. 5Summary of results from network meta-analysis (on the upper triangle) and traditional pairwise meta-analysis (on the lower triangle) on primary outcomes: **a** kidney events, **b** cardiovascular events, **c** cardiovascular death, and **d** all-cause death. On the lower triangle and upper triangle, the row-defining treatment is compared with the column-defining treatment, and ORs of \< 1 favour the row-defining treatment. Significant results are shown in boldface typeFig. 6Ranking of treatment strategies based on probability of their protective effects on outcomes of kidney events, cardiovascular events, cardiovascular death, and all-cause death according to the cumulative ranking area (SUCRA). Larger probability, stronger protective effects

### Cardiovascular Events {#Sec10}

Thirty studies involving 34,538 patients evaluated the effect of ACEIs or ARBs on cardiovascular outcomes. As shown in Figs. [4](#Fig4){ref-type="fig"}b, [5](#Fig5){ref-type="fig"}b, compared to placebo, both ACEIs and ARBs reduced the odds of cardiovascular events (OR 0.73, 95% CI 0.64--0.84 and OR 0.83, 95% CI 0.70--0.98). ACEIs also have a significant benefit for cardiovascular protection (OR 0.66, 95% CI 0.45--0.98) compared to control group. However, neither ACEIs nor ARBs had any superiority of cardiovascular protection over diuretics, CCBs and β-blockers. ACEI plus ARB therapy did not show a significant odds reduction for cardiovascular events compared to ACEI or ARB monotherapy (Figs. [4](#Fig4){ref-type="fig"}b, [5](#Fig5){ref-type="fig"}b). Although ACEIs were not significantly superior to diuretics, CCBs or β-blockers for lowering the odds of cardiovascular events according to forest map results, ACEIs still had the highest probability of being the best treatment option (Fig. [6](#Fig6){ref-type="fig"}b, SUCRA 77.2%). ARBs (SUCRA 47.7%) and ACEIs plus ARBs (SUCRA 47.1%) ranked in the fifth and sixth position behind the CCBs (SUCRA 75.2%), diuretics (SUCRA 66.2%) and β-blockers (SUCRA 62.4%).

### Cardiovascular Death {#Sec11}

Cardiovascular death events were reported from a total of 19 studies of 21,862 patients. ACEIs significantly decreased the rate of cardiovascular death compared with placebo (Figs. [4](#Fig4){ref-type="fig"}c, [5](#Fig5){ref-type="fig"}c, OR 0.73, 95% CI 0.63--0.86), ARBs (Figs. [4](#Fig4){ref-type="fig"}c, [5](#Fig5){ref-type="fig"}c, OR 0.63, 95% CI 0.46--0.86) and the combination therapy of ACEIs plus ARBs (Figs. [4](#Fig4){ref-type="fig"}c, [5](#Fig5){ref-type="fig"}c, OR 0.63, 95% CI 0.42--0.94). Comparisons among other treatments, such as ARBs versus CCBs, did not show significant differences (Figs. [4](#Fig4){ref-type="fig"}c, [5](#Fig5){ref-type="fig"}c). The therapy of ACEIs in combination with ARBs was not superior to other treatments. ACEIs reduced the incidence of cardiovascular mortality at the top-ranking position (Fig. [6](#Fig6){ref-type="fig"}c, SUCRA 86.0%) followed by β-blockers (SUCRA 74.9%). Two of the least effective treatments for reducing cardiovascular death were control therapy (SUCRA 26.1%) and ARBs (SUCRA 26.5%).

### All-Cause Mortality {#Sec12}

Thirty studies with 26,144 participants evaluated the effect of ACEIs or ARBs in all-cause mortality. When studies were analyzed for ACEIs as the intervention, the likelihood of all-cause mortality was reduced by 23%, 40%, 24% compared with placebo, β-blockers and ARBs. ARB monotherapy or plus ACEI had no advantages in reducing all-cause mortality over other treatments (Figs. [4](#Fig4){ref-type="fig"}d, [5](#Fig5){ref-type="fig"}d). As can be seen in Fig. [6](#Fig6){ref-type="fig"}d, regarding prevention of all-cause mortality, ACEIs (SUCRA 94.1%) were the most effective, followed by placebo (SUCRA 58.9%), CCBs (SUCRA 58.8%), ARBs (SUCRA 56.3%), ACEIs plus ARBs (SUCRA 45.3%). Diuretics were least effective (SUCRA25.5%).

Adverse Events {#Sec13}
--------------

Several major drug-related adverse outcomes including hyperkalaemia, cough, oedema and hypotension were analyzed. Both ACEIs and ARBs increased the odds of hyperkalaemia compared with CCBs (Fig. [7](#Fig7){ref-type="fig"}a, OR 3.81, 95% CI 1.58--9.20 and OR 5.10, 95% CI 2.08--12.51). No statistically significant difference in the odds of hyperkalaemia was found between ACEI therapy and ARB therapy. The odds of hyperkalaemia in dual blockade therapy of RAS inhibitors is 4.80--24.5 times higher than that of all the other treatments included in our meta-analysis, including 6.43 times higher than ACEI monotherapy (95% CI 3.79--10.92), 4.80 times higher than ARB monotherapy (95% CI 4.04--5.70), and 24.5 times higher than CCBs (95% CI 9.84--61.02). Compared with placebo, CCBs and β blockers, ACEI therapy had statistically significant increases in the odds of cough (Fig. [7](#Fig7){ref-type="fig"}b, OR 2.90, 95% CI 1.76--4.77; OR 8.21, 95% CI 3.13--21.54 and OR 1.80, 95% CI 1.08--3.00). The risk of edema with ACEIs was significantly lower than with CCBs (Fig. [7](#Fig7){ref-type="fig"}d, OR 0.61, 95% CI 0.06--0.38), but had no statistical difference compared with placebo, control therapy, or β blockers (Fig. [7](#Fig7){ref-type="fig"}d, OR 2.11, 95% CI 0.33--13.53; OR 3.09, 95% CI 0.11--87.94 and OR 0.65, 95% CI 0.22--1.91). As for hypotension, there was no statistical difference among all comparisons except ACEIs versus placebo (Fig. [7](#Fig7){ref-type="fig"}c).Fig. 7Forest plot for results of adverse events comparisons: **a** hyperkalaemia **b** cough **c** hypotension **d** oedema

For increasing the incidence of hyperkalaemia, CCBs showed the highest safety ranking (Fig. [8](#Fig8){ref-type="fig"}, SUCRA 90.0%), AECIs (SUCRA 33.6%), ARBs (SUCRA 19.6%), and ACEIs plus ARBs (SUCRA 0.0%) showed the worst safety rankings. ACEIs (with the least SUCRA 6.8% and SUCRA 10.1%) had the highest possibility of cough and hypotension (Fig. [8](#Fig8){ref-type="fig"}). ARBs with higher safety for cough ranked second (SUCRA 71.4%). ACEIs (SUCRA 56.5%) ranked the first position for increasing the risk of oedema if taking no account of placebo (SUCRA 76.3%) and control therapy (SUCRA 51.2%).Fig. 8Ranking of treatment strategies based on probability of their protective effects on outcomes of for hyperkalaemia, cough, oedema and hypotension according to the cumulative ranking area (SUCRA). Larger probability, stronger protective effects

Loop-Specific Inconsistency Approach {#Sec14}
------------------------------------

The results of direct and indirect estimates by the node-splitting and loop-specific method were presented in Figs. S1 and S2. No significantly inconsistent loops were found in the treatment networks of most events except those of cough with larger RoR value of the loop placebo-ARBs-ACEIs (RoR 95.285). Data were double checked, and we were unable to identify any significant effect modifier that differed across comparisons.

Risks of Bias {#Sec15}
-------------

The results of publication bias in studies contributing to primary outcomes and adverse events were displayed in Figs. S4 and S5, and risks of bias were generally low.

Subgroup Analyses and Quality Assessment {#Sec16}
----------------------------------------

The results of subgroup analyses for the primary outcomes and hyperkalaemia of each treatment versus placebo were presented in Table S3a--d and Table S4. In a subgroup of non-dialysis diabetic kidney disease patients, of the treatments listed in Table S3a, only ARBs had significant differences in preventing the occurrence of kidney events compared with placebo (Table S3a, OR 0.82, 95% CI 0.72--0.95) and ARBs had superiority over ACEIs, CCBs, β-blockers and placebo ranking in the top position with highest SUCRA probability followed by ACEIs. No drugs, including ACEIs or ARBs, significantly lowered the odds of cardiovascular events and all-cause death, but ACEIs/ARBs were still relatively superior to other drugs. Among ACEIs, ARBs, CCBs, and β-blockers, only ARBs significantly increased the odds of hyperkalaemia (Table S4, OR 2.15, 95% CI 1.25--3.69) compared to placebo. ARBs ranked ahead of ACEIs in reducing the risk of cardiovascular events, but behind ACEIs for cardiovascular death, all-cause death and hyperkalaemia. ACEIs had the highest probability of being the best option in preventing all-cause death in this population. When we conducted subgroup analyses by inclusion of trials with serum creatinine \> 200 μmol/L, we found ACEIs were superior to ARBs in kidney events (Table S3a) but inferior to ARBs in cardiovascular events (Table S3b). The effects of ARBs for cardiovascular death and all-cause death were not analyzed due to few available data (Table S3c-d). Most results of all treatments for primary outcomes in patients with creatinine \< 200 μmol/L were consistent with those of all patients with non-dialysis CKD3--5. The odds of hyperkalaemia with ARBs was 2.09 times higher than placebo in patients with creatinine \> 200 μmol/L, but ACEIs did not produce significant discrepancies whether creatinine was \> 200 μmol/L or \< 200 μmol/L. When sample size was larger than 100 and follow-up longer than three years, the likelihood of all primary outcomes in ACEI users was still significantly lower than those in placebo group, and ACEIs still had the greatest probability of being the best treatment option for CKD3--5 patients (Table S3a--d). Most results of curative effect sequencing were generally consistent with those in standard analysis. Notably, in studies with sample size larger than 100, ACEIs and β-blockers involved significantly increased risk of hyperkalaemia compared to placebo, which was something different (Table S4).

The inherent risk of bias of trials was performed for all studies, and only 11 had low risk of bias of each item in the Cochrane risk-of-bias tool (including sequence generation, allocation concealment, blinding, incomplete outcome data, selective outcome reporting, and other sources of bias).

After excluding all studies where any item of the Cochrane risk of bias assessments was high or unclear, a subgroup analysis of 11 studies showed that ACEIs had significant differences in preventing the occurrence of all primary outcomes compared with placebo. ARBs had superiority over placebo only in preventing cardiovascular events. ACEIs had significant advantages over ARBs in preventing all primary outcomes (Table S5 and Figure S6), which was generally consistent with the forest plot results of all studies included in this meta-analysis (Fig. [4](#Fig4){ref-type="fig"}).

Discussion {#Sec17}
==========

This network meta-analysis, pooling evidence from RCTs that each trial may compare different treatments, was conducted simultaneously to estimate relative effectiveness and safety of renin-angiotensin-aldosterone system (RAAS)-blocking agents for any pair of treatments on kidney disease and cardiovascular outcomes in individuals with CKD3--5 but not on dialysis. Thus, overcoming the lack of comparative data in head-to-head trials. Eventually, 44 RCTs with 42,139 patients met our inclusion criteria. Our results suggested that although RAS blockade therapy definitely increased the likelihood for hyperkalaemia, hypotension, and cough in patients with CKD3--5, it was still more beneficial to protect renal and cardiovascular functions. ACEIs, superior to ARBs and other antihypertensive drugs, had the highest probability of being the most beneficial treatments for kidney events, cardiovascular outcomes and all-cause mortality in non-dialysis CKD3--5 patients. In patients with diabetic kidney disease, ARBs were superior to ACEIs in lowering odds of kidney and cardiovascular events, but fell behind ACEIs in risk of all-cause death.

Several published meta-analyses and systematic reviews evaluated the effects of RAS blockers on CKD patients \[[@CR9], [@CR15]--[@CR21]\]. One network meta-analysis that included 119 RCTs comprising 64,768 participants, mostly with chronic kidney disease, showed that ACEIs or ARBs could reduce the risks of kidney failure and cardiovascular events. However, these studies targeting CKD patients, making the effect of RAS blockades unclear for patients with CKD3--5. Our findings suggested that ACEI monotherapy was significantly better than placebo, control therapy, CCBs, β-blockers and ARBs in reducing the odds of kidney failure, and was also superior to placebo, β-blockers and ARBs in reducing the odds of all-cause mortality in patients with non-dialysis CKD3--5. Although ACEI monotherapy made no significant differences in cardiovascular events and cardiovascular death compared to the therapy of other antihypertensive agents, it was still most likely to be the best treatment option in reducing the odds of cardiovascular events, cardiovascular death in individuals with non-dialysis CKD3--5 according to SUCRA probabilities. Besides, ARBs were only superior to placebo for kidney and cardiovascular events, and had no advantages over all other antihypertensive drugs for cardiovascular death and all-cause death. Consistent with our findings, available data showed the benefits of ACEIs were stronger than those of ARBs. A meta-analysis in which 119 RCTs (*n* = 64,768) were included suggested that ACEIs were more effective than ARBs in protecting against kidney failure, cardiovascular death, and all-cause death in CKD patients \[[@CR9]\]. A recent network meta-analysis of 63 trials (36,917 patients) also found that ACEIs produced more benefits to CKD patients in mortality and kidney events \[[@CR17]\]. The present study provided additional evidence to support the viewpoint that ACEIs protect the kidney and reduce the risk of cardiovascular disease and death in CKD3--5 patients, potentially to a greater degree than that achieved with ARBs. This disparity may be contributed to by different mechanisms of action of ACEIs and ARBs on the RAS pathway \[[@CR9]\]. ACEI inhibits the conversion of Ang I to Ang II, while ARB selectively prevents Ang II from binding to AT1R. Both drugs can prevent the harmful effects of Ang II overproduction on the cardiovascular system. However, ACEI is superior to ARB in pharmacological action mechanism. Studies have shown that ACEI increases Ang (one of the important biologically active substances in RAAS) (1--7) levels 10- to 25-fold \[[@CR22]\]. As a substrate for ACE, Ang (1--7) competes with Ang I and bradykinin (BK) for degradation, thereby inhibiting the formation of Ang II and enhancing BK activity. ARB usually preferentially blocks AT1R and stimulates angiotensin 2 (AT2R) and angiotensin IV receptor (AT4R) \[[@CR23]--[@CR27]\]. Compared with AT1R, the signalling pathways promoted by AT2R are far from being resolved. Studies have found that AT2R stimulation produces an autophagy vasodilator cascade consisting of BK, nitric oxide (NO) and guanosine ring 3′,5′monophosphate (cGMP) \[[@CR28], [@CR29]\]. Therefore, AT2R activation may have the opposite effect to those of AT1R activation \[[@CR30], [@CR31]\]. Therefore, stimulating AT2R during the blocking of AT1 with ARB will produce a beneficial response. Unfortunately, data suggest that AT2R stimulation may not be as beneficial as previously suggested, and may even be harmful in some cases by mediating atherosclerotic and proinflammatory effects. Levy \[[@CR24]\] reported that a variety of hormones, cytokines, and metabolic factors are associated with an increase in AT2R density on the cell surface. Evidence from human cardiomyocytes suggests that Ang II may promote plaque rupture by increasing matrix metalloproteinase-1 in an AT2-dependent manner \[[@CR32]\]. Ruiz-Ortega et al \[[@CR33]\] demonstrated that 72 hours of Ang II infusion increased the number of glomeruli and interstitial inflammatory cells. In addition, AT4R activation promotes the release of PAI-1 before thrombosis, which may be related to the occurrence of acute coronary syndrome. Thus, ACEIs should be considered as first-line therapy to limit the excess mortality and morbidity in this population.

Can the combination therapy with an ACEI and an ARB provide greater renal and cardiovascular protection to the patients with CKD3--5? Previous guidelines \[2014 the Eighth Joint National Committee (JNC 8) guidelines\] do not recommend the use of dual blockade with ACEIs and ARBs in non-dialysis CKD3--5 patients \[[@CR34]\]. In a study conducted in pre-dialysis stage 5 CKD patients, risk of death in those receiving dual blockade with ACEIs and ARBs was 1.49 times and 1.58 times higher, respectively, than those who received ARB monotherapy in all CKD patients and in diabetic subgroup \[[@CR35]\]. A previous meta-analysis showed that although combined RAAS blockade therapy decreased albuminuria and proteinuria in CKD patients, there was no benefit on doubling of the serum creatinine level, or mortality \[[@CR20]\]. Our findings showed that dual therapy with an ACE inhibitor and an ARB had no additional beneficial effect on all primary outcomes, compared to ACEI monotherapy, ARB monotherapy and any other treatments. Reversely, it significantly increased the odds of hyperkalaemia, 4.8-times higher than ARB monotherapy and 6.43-times higher than ACEI monotherapy. However, Palmer et al \[[@CR18]\] reported a meta-analysis of 157 RCTs in patients with diabetic kidney disease that showed ACEI+ARB as superior to other anti-hypertensive agents including monotherapy in regressing albuminuria, and preventing progression to ESKD. This inconsistency may be because our analysis on combination of ACEI + ARB was mainly driven by ONTARGET study with a large sample size (5623 patients), a new study that was included in our study, that was not considered in the previous meta-analyses. Besides, the meta-analysis conducted by Palmer et al \[[@CR18]\] focused on DKD patients, but not CKD/DKD patients with eGFR \< 60 mL/min/1.73 m^2^. Thus, the effectiveness of dual RAS blockade in CKD3--5 patients with eGFR \< 60 mL/min/1.73 m^2^ may not be valid. Based on at least current findings, dual RAS blockade is not recommended for this population.

The safety of RAS inhibitors in CKD patients with reduced GFRs was the focus of concern. Many investigators did not consider RAS inhibitions in a population with severe reduced renal function due to various considerations, including concerns about hyperkalaemia or hypotension, which may occur in this weak population. Previous studies in CKD patients showed therapy with RAAS-blocking agents was associated with higher risk of hyperkalaemia, cough and hypotension \[[@CR16], [@CR18], [@CR20], [@CR36]--[@CR38]\]. Of these side effects, hyperkalaemia was a major concern. Hsu et al performed a study, which enrolled 28,497 patients with serum creatinine levels \> 6 mg/dL, published in JAMA Intern Med. Results indicated that ACEI/ARB users (9.2%) had a higher hyperkalaemia-associated hospitalisation rate than non-users (6.7%), but those who developed hyperkalaemia did not significantly increase the risk of pre-dialysis death \[[@CR37]\]. These results were generally in accordance with our results. In the present meta-analysis, ACEI/ARB monotherapy had higher odds of hyperkalaemia. Besides, we also found ACEI/ARB combination therapy had the worst safety with a significantly increased risk of hyperkalaemia compared to all treatments. In 2028, NKF-KDOQI suggested hyperkalaemia prevention and management protocols, including dietary potassium restriction, correction of acid-base imbalances, avoidance of concomitant use of medications that promote hyperkalaemia, optimisation of diuretic use, and use of cation-exchange resins, may be used to prevent hyperkalaemia when clinically indicated, thus helpful to balance the effects and safety of RAAS blockades \[[@CR39]\].

To date, there is little information available with regard to patients with CKD3--5 and diabetes mellitus. A previous pair-wise meta-analysis including nine trials, conducted in non-dialysis diabetic patients (*n* = 9797 participants) with CKD stages 3--5, found that RAAS-blocking agents could lower the risk of renal replacement therapy/doubling of serum creatinine, but had no beneficial effect on all-cause mortality and cardiovascular mortality events compared to placebo or other antihypertensive agents \[[@CR15]\]. However, most of these effects were attributed to only three trials which used a head-to-head comparison between these two types of agents \[[@CR15]\]. According to our subgroup analyses for patients with diabetes, only ARBs had significant superiority over placebo in preventing the occurrence of kidney events, ranking in the top position with highest SUCRA probability. No drugs, including ACEIs or ARBs, significantly lowered the risk of cardiovascular events and all-cause death compared to placebo, consistent with previous findings. Even so, in our study, ACEIs still had the strongest protective effect in all-cause death according to SUCRA. A previous meta-analysis conducted in patients with diabetes and albuminuria also showed ARBs reduced risks of ESRD and doubled the serum creatinine level, and both ACEIs and ARBs failed to reduce all-cause mortality and CV \[[@CR40]\]. Why did ACEI and ARB produce different effects in patients with diabetic nephropathy and non-diabetic nephropathy? There are no studies conducted, as yet, to compare these effects in these two populations. We speculate the adequacy of glycaemic control is an important potential confounding factor in assessing a direct effect of ACEI or ARB on the progression of renal disease in patients with diabetic nephropathy. A favourable effect of glycaemic control may be most important in the very early phases of diabetic nephropathy. Besides, our result was mainly contributed by direct comparisons in only one study---PRONEDI 2013 \[[@CR41]\] and indirect comparisons among other seven studies \[[@CR42]--[@CR48]\]. Thus, the absence of a positive effect on renal and cardiovascular events and mortality by ACEIs in our meta-analysis should not be considered as conflictive with the general literature. We believe that, in the future, when more and larger studies are included, the advantages of ACEIs in improving survival of patients with advanced diabetic nephropathy will be more prominent.

In CKD patients with serum creatinine \> 200 μmol/L, ACEIs and ARBs were the two most effective drugs in all primary outcomes with worse ranks of hyperkalaemia. A meta-analysis conducted in 20,152 CKD patients with serum creatinine \> 6 mg/dL also drew a similar result that the use of ACEIs/ARBs was associated lower risk of long-term dialysis or death by 6% and higher risk of hyperkalaemia-associated hospitalisations than among non-users (9.2% vs 6.7%; *p* \< 0.001), making our conclusion more convincing \[[@CR37]\]. When sample size was larger than 100 and follow-up longer than three years, ACEIs had lower risk of all primary outcomes than placebo, and still had the greatest probability to be the best treatment option for CKD3--5 patients, consistent with the results in standard analyses. Notably, in studies with sample size larger than 100, ACEIs and β-blockers involved significantly increased risk of hyperkalaemia compared to placebo, which was something different. Nevertheless, the identification of sub-groups of patients who may benefit is important to help guide treatment and should be explored in future studies.

The large volume of included data and rigorous statistic methodology were the strengths of this meta-analysis. However, our study had some limitations. First, the emphasis of this study was the effects of RAS inhibitors on kidney or cardiovascular protection. Trials with comparisons among other antihypertensive agents or placebo were not included, which limits the strength of the conclusions of the network analysis. Second, we did not analyse the influences of blood pressure reduction and risk of AKI among different antihypertensive treatments because of poorly available data. Third, scant primary data also prevented us from undertaking subgroup analysis of the primary outcomes of treatments by different CKD stages, leaving effects of blood pressure treatment on cardiovascular events and mortality in this population uncertain. Finally, we conducted a protocol before performing our research, but it has not been submitted for publication, which does not meet the PRISMA criteria for a published protocol.

Conclusion {#Sec18}
==========

The findings of our network meta-analysis suggested that although RAS blockade therapy had a definite increase in the odds of hyperkalaemia, hypotension, and cough in patients with non-dialysis CKD3--5, it was still more beneficial to this population. ACEIs, superior to ARBs and other antihypertensive drugs, had the highest probability of being the most beneficial treatments for kidney events, cardiovascular outcomes and all-cause mortality in non-dialysis CKD3--5 patients. In the subgroup of patients with diabetic kidney disease, ARBs were superior to ACEIs in lowering probability of kidney events and cardiovascular events but fell behind ACEIs in all-cause death. Even so, we still have to consider the potential harms of these treatments. Physicians need to balance the benefits and potential harms of these treatments when selecting the preparation and dose for individual patients. The utilisation of hyperkalaemia prevention and management protocols would help to balance serum potassium levels, making it possible to initiate or continue the use of RAS inhibition among patients with CKD3--5 in the future.
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